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CRES Wind Atlas Methodology and application results for the 
Bosnian and Serbian territories 

 
1. Introduction 
 
When a number of measurements covering an area are available then it might be of 
interest to exploit these discrete data for an assessment of the wind potential, treating 
the area as a continuum instead of a grid of points. The methodology described in the 
following results in the assessment of the wind potential of a large area, without any 
limitations regarding its size. It was successfully used to predict the wind potential of 
Greece, yielding satisfactory results on a pretty fine mesh with surface resolution of 
150 m for the entire country. 
 
The computational method developed by CRES achieves to establish an interpolation 
procedure that receives as input a substantial number of measurements and produces a 
prediction at an arbitrary point inside the area of interest. The procedure undertaken for 
the measurements is beyond the scope of the interpolation method, as long as there are 
sufficient points where wind data are available to describe the meso-scale effect. 
 
 
2. Description of the methodology 
 
The methodology is derived from the assumption that the wind flow at high altimeters 
is inviscid, free from the influence of the surface boundary layer, governed strictly by 
meteorological mechanisms. On the other hand, the boundary layer phenomena are 
predominant close to the surface. There, the combined action of the topography and the 
boundary layer is enough to determine the wind speed and direction at any given point. 
In essence, a three-dimensional boundary correction method is introduced.  
 
The whole calculation procedure is a two-step one. First, the three-dimensional space, 
which is defined by the surface and reaches up to a few kilometres in altitude, is 
analysed employing a potential flow code (mass conservation). The code works using 
normalized variables, imposing a unity velocity boundary condition at the upper side 
of the mesh. Because of the need to cover very large geographical areas, a multi-block 
approach is followed.  
 
The area is divided into a large number of blocks, each of which is independently 
handled. Another set of blocks is generated from the first, defining a mesh of staggered 
with respect to the original series blocks. These two sets of blocks are used together to 
generate the final results, through extension, averaging and interpolation. Taking 
advantage from the fact that potential flow results far from the boundaries are 
insensitive to perturbations of boundary conditions, the above procedure yields a 
smooth and continuous solution at the block interfaces. Individual calculations are 
performed for each one of the chosen wind directions. 
 
In a second step, a boundary layer correction is applied in order to introduce the 
viscous phenomena to the calculation. A simplified approach is followed for the 
viscous correction, derived from flat terrain boundary layer theory and the assumption 
of constant roughness (as long as roughness maps are not available). Correction is 
performed on a point-by-point basis. This simple method presents the significant 
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advantage that the mass rate is maintained. However, it is possible to substitute this by 
any boundary layer correction procedure.  
 
At the end of this two-step procedure the flow field is completely defined, although 
still normalized by the wind speed at the upper bound. The normalization assumption 
that the wind speed at high altimeter is equal to unity is not equivalent to suggesting 
that it is constant too. On the contrary, it is known to exhibit significant variation. At 
this stage of the methodology, the intention is to calculate the wind speed at the upper 
bound. To this end, the available measurements are used.  
 
For each point in the geographical area were measurements exist, it is possible to 
calculate the average wind speed for each direction of interest. Using this value, and 
the respective value at the computational grid node, the wind speed at the upper bound 
of the specific point can be predicted. This way, the measurements are used to predict 
the wind speed at a grid point at the upper bound. Interpolation of these values yields 
the wind speed at every point of the upper bound. The normalized values in the 
complete geographical area and at every height can then be converted to actual wind 
speeds. 
 
The results attained up to this point still cover independently each direction. Using 
time-averaging information (probability density function of the wind direction), also 
yielded through the measurements, the average wind speed may be calculated at each 
point. Using this procedure the Weibull distribution shape factors can also be derived, 
which might be of interest for a better prediction of the electrical energy production by 
wind turbines in an area. 
 
 
3. Results obtained for the Central Bosnia Canton of Bosnia & Herzegovina 
 
3.1. Data from meteorological stations 
 
In the beginning, all the available historical data (for 30 years, namely 1961-1990) for 
all 16 meteorological stations of Bosnia & Herzegovina (see figure 1) were made 
available by the local partner (REIC). However, it was seen that actually 5 of them are 
close to the area of interest and the data for these stations have finally been used for the 
calculations of the wind potential of Central Bosnia Canton. This Canton has an area of 
3,189 km2. For each of these stations, the following information was provided: 

 The geodetic coordinates of the site (latitude / longitude), and the elevation above 
sea level (a.s.l.); 

 The height of wind measurements (above ground level), which is 2 meters for all 
stations; 

 The frequency of average wind speed (both in the form of numbers and as graphs, 
the so-called “wind roses”) for 8 sectors of 45o each (corresponding to directions: 
N, NE, E, SE, S, SW, W, NW). 
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Figure 3.1: Map of B&H with all existing meteorological stations of the country 

 
More precisely, as regards the five selected measuring stations the following data for 
wind speed and frequency were used for the calculations: 
 

Wind direction N NE E SE S SW W NW 
Calm/ 
Av. 

speed 
Meteorological station Livno 
Frequency (%) 10.2 4.5 3.7 7.9 7.0 4.8 6.6 5.3 49.9 
Av. speed (m/s) 4.0 4.3 2.7 3.0 3.2 2.4 2.3 2.6 3.1 
Meteorological station Bugojno 
Frequency (%) 11.9 4.0 2.1 5.6 11.1 4.3 2.2 14.0 44.9 
Av. speed (m/s) 2.5 2.4 2.3 2.6 2.9 2.6 1.6 2.3 2.5 
Meteorological station Jajce 
Frequency (%) 5.4 4.0 3.8 1.8 6.0 4.1 10.2 5.3 59.3 
Av. speed (m/s) 3.9 3.7 2.9 3.0 4.5 3.6 3.8 3.5 3.7 
Meteorological station Zenica 
Frequency (%) 13.6 2.7 1.7 2.3 6.2 9.8 2.0 2.4 59.2 
Av. speed (m/s) 2.4 1.9 1.8 1.7 2.2 1.7 2.2 2.1 2.1 
Meteorological station Ivan Sedlo 
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Frequency (%) 17.4 2.2 17.1 11.9 14.8 5.7 15.0 7.6 8.3 
Av. speed (m/s) 6.4 1.8 1.7 1.7 3.9 2.4 2.4 2.7 3.2 
 
Moreover, one more meteo station’s data were supposed to be used in the calculations 
(namely of the Bjelašnica meteorological station), but it was decided not to be used 
finally due to their problematic nature. The flow field for the area under investigation 
has been analyzed using the CRES Wind Atlas Methodology (3D Boundary Layer 
correction model) for the four main wind directions (north to south, east to west, south 
to north, west to east), and then an averaging procedure was followed. A pre-
processing was necessary in order to derive from the data provided for each site the 
information required for the four primary directions.  
 
3.2. Application results 
 
The topography contours of the Central Bosnia Canton of B&H along with the basic 
towns (and the calculated mean annual wind speed at 80 m a.g.l.) are presented in 
Figure 3.2. The computational grid was divided into sub-domains each one of which 
had 201x201 surface nodes and grid spacing of 100 m in each direction. This gives a 
domain size for the fine-scale calculations of 40 km. In the analysis various roughness 
length values were used, following the land coverage provided by the CORINE 
database used. The total area covered by this grid was thus approximately 7,695 km2. 

 
Figure 3.2: Area’s under investigation elevation contours  

 
Wind resource maps (the wind speed of each simulation is weighted by the frequency 
of occurrence of the corresponding primary wind directions) for the whole area under 
investigation are shown in Figures 3.3 to 3.6, the first one corresponding to the results 
at 10 m a.g.l. (typical for meteorological stations) above the roughness grid used for 
the simulations, the second one to the calculation results at 40 m a.g.l., the 3rd at 80 m 
a.g.l., and the last one for the 120 m a.g.l. (typical for large scale wind turbines). The 
second and third of the above mentioned heights were selected as representative of the 
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hub height of two typical types of wind turbines, namely the 600 kW and 1.5 MW 
rated machines respectively. 

 
Figure 3.3: Resource map of the mean speed at 10 m a.g.l. 

 
Figure 3.4: Resource map of the mean speed at 40 m a.g.l. 
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Figure 3.5: Resource map of the mean speed at 80 m a.g.l. 

 
Figure 3.6: Resource map of the mean speed at 120 m a.g.l. 

 
In all the above maps the location of the meteorological stations used as reference 
points are also shown (with the yellow triangles). The main features of these wind 
resource maps are the differences occurred between the northern and southern areas of 
the territory, as more specifically a strengthening of the mean winds when going from 
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the northern areas of the domain to the southern ones can be observed. This is due to 
the fact that the southern part of the Canton is more mountainous than the northern 
one, and this has as an effect the significant increase of the wind speed there. Also, 
from the maps some sites of special interest for the development of wind energy 
projects can be observed, especially in the north east part of the territory. Of course, 
more detailed assessment of the potential is needed in case that these sites will be 
regarded as potential sites for the commercial development of wind energy projects. 
 
 
4. Results obtained for the Province of Vojvodina – Sebia 
 
4.1. Data from meteorological stations and measuring sites 
 
In the case of the Serbian Province of Vojvodina (total area: 21,506 km2) two data sets 
have been used. At first, the data corresponding to the 8 meteorological stations 
existing in the Province (Banatski Karlovac, Kikinda, Palić, Novi Sad - Rimski 
Šančevi, Sombor, Sremska Mitrovica, Vršac, Zrenjanin) were made available. In 
addition, data from 3 more measuring stations (Negotin, Veliko Gradiste, Titel) were 
made further available, and were used in addition to the above ones. The locations of 
all stations used as reference points for the calculations are shown in figure 4.1. 

 
Figure 4.1: The locations of the sites from where data were derived for the calculations 

 
For each of the eight meteorological stations where data were made available by the 
local project partner, the following information was provided: 

 The geodetic coordinates of the site (latitude / longitude), and the elevation above 
sea level (a.s.l.). 

 A brief description of the surroundings. 

 The measuring and analysis of measurements procedures. 

 The two Weibull distribution function parameters (as derived from the Wind Atlas 

standard procedure – WAsP Atlas LIB files), namely the scale parameter A, and the 
shape parameter k. 

 
From the above-mentioned two Weibull function parameters, the mean wind velocity 
can be calculated as:  
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The above procedure was followed for all 16 sectors (of 22.5o each) that data existed. 
Also the frequencies of occurrence (again per sector) were known, as well as that the 
measurements were taken by anemometers located at 10 m a.g.l. More specifically, the 

WAsP type data used were those for the z0=0.03 m standard roughness class, at the 
standard level of 10 meters a.g.l. 
 
In the rest 3 of the stations the typical set of wind speeds & frequencies for 16 sectors 
and at a height of 50 m a.g.l. were derived from the report that was made available to 
CRES1. As in the previous case, the flow field for the area under investigation has been 
analyzed using the CRES Wind Atlas Model for the 4 main wind directions (north to 
south, east to west, south to north, west to east), and then an averaging procedure was 
followed. A pre-processing was necessary in order to derive from the data provided for 
each site the information required for the four primary directions.  
 
4.2. Application results 
 
The computational grid was divided into sub-domains each one of which had 201x201 
surface nodes and grid spacing of 100 m in each direction. This gives a domain size for 
the fine-scale calculations of 40 km. In the analysis various roughness length values 
were used, following the land coverage provided by the CORINE database used (see 
figure 4.2). The total area covered by this grid was thus about 36,860 km2. 

 
Figure 4.2: Area’s under investigation land usage (according to CORINE) 

 

                                                 
1 “Strengthening of the Renewable Energy Department of Serbian Energy Efficiency Agency - Wind 
Resources Report Rev 3”, by Ingeniería, Estudios y Proyectos NIP, S.A., December 2008. 
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Wind resource maps for the whole area under investigation are shown in Figures 4.3 to 
4.6, the first one corresponding to the results at 10 m a.g.l. (typical for meteorological 
stations) above the roughness grid used for the simulations, the second one to the 
calculation results at 50m a.g.l., the third at 80m a.g.l., and the last one for the 120 m 
a.g.l. (typical for large scale wind turbines). The 2nd and 3rd of the above mentioned 
heights were selected as representative of the hub height of two typical types of wind 
turbines, namely the 750 kW and 1.5 MW rated machines respectively. 
 

 
Figure 4.3: Resource map of the mean speed at 10 m a.g.l. 

 
Figure 4.4: Resource map of the mean speed at 50 m a.g.l. 
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Figure 4.5: Resource map of the mean speed at 80 m a.g.l. 

 
Figure 4.6: Resource map of the mean speed at 120 m a.g.l. 

 
The main features of these wind resource maps are the differences occurred between 
the various areas of the territory. How the maps are stripped when going from the low 
to higher heights a.g.l. is also obvious. A general strengthening of the mean winds 
from the western areas of the domain towards the eastern ones can be observed. 
However, the wind potential of the whole territory cannot be considered as especially 
high (i.e. of interest for commercial exploitation), except from a few sites in the south-
east part of the province, i.e. near the measuring station of Negotin, Kornjet, which 
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need further very careful evaluation from the potential investors to check if viable 
commercial projects can be installed there. 
 


